Graves' disease is an autoimmune disorder and the most common cause of hyperthyroidism. Graves' disease occurs more often in women with a female/male ratio of 5:1 and a population prevalence of 1 to 2 %. The disease is associated with circulating immunoglobulins that bind to and stimulate thyrotropin, the thyroid stimulating hormone (TSH) receptor, resulting in sustained thyroid overactivity (1). Through its hormones, The effect of supplementation with a fixed combination of antioxidants (beta-carotene, selenium, vitamins C and E) on serum lipids was monitored in patients with newly detected Graves' disease. Measurements were made prior to the commencement of therapy and after 30 and 60 days. Patients were randomized into two groups. Test group comprised patients who received antioxidant supplementation in addition to methimazole, while patients treated with methimazole only were in the control group. The concentration of total and HDL-cholesterol increased significantly in test and control groups (p < 0.05) but these groups did not differ significantly. Concentration of LDL-cholesterol increased significantly in the test group only (p < 0.005) and was significantly different from the control group 60 days after the commencement of therapy (p < 0.005). Significant increase in the LDL-cholesterol concentration in the test group requires further investigations.
thyroxine (T4) and triiodothyronine (T3), thyroid gland has a significant impact on the overall intensity of metabolism. Hyperthyreoidism causes decreasing serum lipid concentrations while hypothyreoidism causes an increase in serum lipid concentrations. Increases in metabolism intensity induced by hyperthyreoidism cause inappropriate energy expenditure, which results in lipid breakdown as a compensatory measure (2) .
Increased concentrations of thyroid hormones T4 and T3 result in increased basal metabolic rate, increased oxygen consumption and in the production of large quantities of reactive oxygen species (3) which enhance oxidative stress (4) . Supplementation with antioxidants can reduce oxidative stress in hyperthyroidism (5, 6) and has been shown to increase the rate of attaining euthyroid state when co-administered with medication in newly diagnosed Graves' disease (7) .
There are only a few studies investigating the influence of antioxidant supplementation on lipid profile in general. The results of trials with antioxidants and their influence on lipid profile are equivocal. Results of Shargorodsky et al. (8) showed a significant increase in HDL-cholesterol and marginal declines in triglycerides as well as total cholesterol levels in antioxidant (vitamins C and E, co-enzyme Q10 and selenium) treated patients with multiple cardiovascular risk factors. The findings of Abdollahzad et al. (9) indicate that supplementation with vitamin C over three months marginally decreases malondialdehyde (MDA) levels and improves lipid profiles in hemodialysis patients. On the other hand, the results of two animal studies indicate that vitamin E supplementation does not modulate the plasma lipid profile despite suppressing oxidative stress (10, 11) . Differences in the type and dosage of antioxidant supplementation, as well as outcome measures, could explain this variability.
As there is no published study investigating the influence of antioxidant supplementation on the lipid profile in patients with newly diagnosed Graves' disease, it seemed reasonable to examine possible effects.
EXPERIMENTAL

Subjects
The study included 55 patients with newly detected Graves' disease, recruited from the Department of Nuclear Medicine and Department of Endocrinology, University Hospital Dubrava, Zagreb, Croatia. Informed consent was obtained from all subjects prior to study commencement. The study protocol was approved by the Ethics Committee of Dubrava University Hospital and was carried out in accordance with the ethics guidelines of the Helsinki Declaration.
To investigate the possible influence of antioxidant supplementation, half of the subjects included in this study received a fixed combination of antioxidants (beta-carotene, selenium, vitamins C and E) in addition to methimazole. The patients were randomized into two groups. Test group comprised 27 patients, 23 women and 4 men, aged 44 ± 12 (mean ± SD, range 18-66) and with the body mass index (BMI) 22.7 ± 4.7 kg m -2 (mean ± SD). Control group comprised 28 patients, 27 women and one man, aged 41 ± 14 (mean ± SD, range 18-65) and with BMI 23.2 ± 3.6 kg m -2 (mean ± SD). There were no significant age, sex or BMI differences between the groups.
Test group received methimazole (Athyrazol, Jadran galenski laboratorij, Croatia) at a dose of 120 mg daily (divided in three doses) in the first week, 80 mg daily in the second week, 60 mg daily in the third and fourth weeks, and 40 mg daily (divided in two doses) for the next four weeks. An additional capsule daily of a fixed combination of antioxidants containing 6 mg b-carotene, 200 mg vitamin C, 36 mg vitamin E and 60 mg Se (Symbion, Merck, Germany) was given with the main meal. Control group was administered methimazole alone, at the same dosage.
The patients were examined prior to the commencement of therapy (day 0), after 30 days and 60 days. The patients underwent clinical examination, thyroid gland ultrasonography, and blood sampling. Graves' disease was diagnosed on the basis of the clinical status, ultrasound finding, TSH suppression, and elevated concentrations of the T 4 and T 3 hormone free fractions (FT 4 , FT 3 ) as compared with reference values (12) . Exclusion criteria were the presence of other chronic and acute diseases or conditions requiring use of other drugs or additional vitamins and minerals. Diabetic patients and pregnant women were excluded.
Questionnaires were completed with data of patient dietary habits, exercise, smoking, and previous state of health. None of the patients had previously suffered from any serious infection or other disease. None of the patients in either group reported any specific dietary habits, such as avoidance of some foods for religious or other reasons, and there were no vegetarians. Dietary intake and exercise were reported by patients during the study period. Although the differences were not noted they cannot be completely ruled out.
The patients were enrolled in the study and started treatment immediately after the diagnosis was established and were instructed how to take their therapy. The study was not placebo controlled and was unblinded although the main investigator did not know in which group the patients were randomised. Drug compliance was self-reported by study participants and was measured by determination of serum selenium concentrations (7).
Laboratory analysis
Fasting samples of venous blood were collected in the morning between 8.00 and 10.00 a.m. Blood was collected into a test tube without anticoagulant, and serum was separated for analysis of thyroid hormones FT 4 , FT 3 and TSH. Concentrations of FT 4 , FT 3 and TSH were determined by the chemiluminescence method on a Vitros ECi analyzer using the test kit C1387000 for FT 4 , C1315589 for FT 3 , C1912997 for TSH (Ortho--Clinical Diagnostic, UK).
Plasma concentrations of total, HDL-and LDL-cholesterol and triglycerides were analysed on an Olympus AU2700 (Olympus Co., Japan).
Statistical analysis
The basic part of statistical data analysis consists of the usual descriptive statistics. The significance of changes in the parameters was tested in three measurements within each group: prior to the commencement of therapy (day 0) and on the 30th and 60th days of therapy, as well as between each measurement of both examined groups. The significance of the obtained results was determined by means of Wilcoxon's nonparametric test for dependent samples (within test group and control group) and Mann-Whitney's nonparametric test for independent samples (between the groups). Statistical analyses were performed using the MedCalc ver. 11.5 (Mariakerke, Belgium).
RESULTS AND DISCUSSION
Triglycerides, total cholesterol, HDL-and LDL-cholesterol
The starting concentration of triglycerides in serum, which was below the upper limit of the recommended value (< 1.7 mmol L -1 ) (13), did not change significantly during the therapy in any group of patients and did not differ significantly between the groups in any measurement (Table I) .
Total cholesterol concentration in serum, which was also lower than the upper limit of the recommended value (< 5 mmol L -1 ) (13), significantly increased during the treatment in both groups of patients. In the test group, it increased from 4.11 to 5.02 (p < 0.01) after 30 days and to 5.86 mmol L -1 (p < 0.005) after 60 days; in the control group, it rose from 3.90 to 5.29 (p < 0.01) and to 4.87 mmol L -1 (p < 0.05), respectively. There was no statistically significant difference between test and control groups either after 30 or 60 days (Table I ).
In the case of HDL-cholesterol, its starting serum concentration was also lower than the lowest recommended value (> 1 mmol L -1 ) (13). In the test group, it significantly increased from 0.92 to 1.10 (p < 0.01) after 30 days and to 1.24 mmol L -1 (p < 0.01) after 60 days from therapy commencent. Concentration of HDL-cholesterol in the control group increased from 0.99 to respective values of 1.11 (p = 0.075) and 1.46 mmol L -1 (p < 0.005). No significant difference was recorded between the groups (Table I) .
Before the commencement of therapy, LDL-cholesterol concentration in serum was below the upper limit of the recommended value (< 3 mmol L -1 ) (13) in both groups of patients. In the test group, its concentration significantly increased from 2.32 to 3.32 (p < 0.005) 30 days after and to 3.76 mmol L -1 (p < 0.005) 60 days after the commencement of therapy, while there was no significant change in the control group. The groups significantly differed in respect to LDL-cholesterol concentration only 60 days after the commencement of therapy (p < 0.005) ( Table I) .
Although the measured serum concentrations of tryglicerides and total cholestrol in patients with additional antioxidant therapy showed a slight trend towards higher values compared to the control, the differences in lipid profile between the two groups of patients were not significant, with the exception of LDL-cholesterol, which was significantly higher in the test group than in the control group, the 60 days after supplementation and therapy. The results of Diekman et al. (14) indicate that changes in plasma LDL-cholesterol and HDL-cholesterol in hypo-and hyperthyroid patients are related to changes in FT4. Significantly higher serum concentrations of LDL-cholesterol in the group of patients treated additionally with antioxidants (test group) could be related to faster normalization of thyroid hormones compared to the control group. 
Thyroid hormones and TSH
The serum FT 4 concentration, which was above the upper limit of the reference interval (10.00-28.20 pmol L -1 ) (12) prior to the commencement of treatment, gradually decreased in both groups during the therapy. In both groups, a significant decrease (p < 0.001) of FT 4 concentration was observed. A significant difference in FT 4 was observed between the groups after 30 (p < 0.001) and 60 days of treatment (p < 0.005 and resp.) (Table II) , with the test group showing lower FT 4 level than the control group.
It is also noteworthy that the serum concentration of FT 3 hormone (reference values 4.26-8.10 pmol L -1 ) (12) significantly decreased (p < 0.001) in both examined groups during treatment. A statistically significant difference between the groups (Table II) was determined after 30 days of treatment (p < 0.001) but not after 60 days.
During the study, a statistically significant increase in TSH activity (reference values 0.47-4.68 mU L -1 ) (12) was determined in the test group (p < 0.001) but not in the control group. Furthermore, the study clearly demonstrated a statistically significant difference in this hormone activity between the groups (p < 0.05) after 60 days (Table II) .
The significant difference between the test and control groups in respect to the rate of attaining euthyroidism indicates the favourable effect of additional therapy with a fixed combination of antioxidants. Antioxidants may affect the peripheral conversion of thyroid hormones by deiodination and/or mechanism of cell membrane defence, the integrity of which can affect the activity of deiodinases (15) . Among the antioxidants, as supplementary therapy in Graves' disease, selenium has probably a central role in the circumstances of moderate selenium deficiency because of its action, through selenium dependent deiodinase, on transformation of the thyroid hormones and thus indirectly on the LDL-cholesterol concentration (7) . More experiments are needed to see which aspects of this combination of antioxidants are most beneficial. 
CONCLUSIONS
The results of the study indicate that supplementation with a combination of antioxidants does not significantly influence serum concentrations of total and HDL-cholesterol as well as triglycerides 60 days after the commencement of therapy in patients with newly diagnosed Graves' disease, except for the concentration of LDL-cholesterol (p < 0.005). Application of antioxidants probably accelerated normalization of the thyroid hormone concentrations in patients with Graves' disease. Significant increase of LDL--cholesterol concentration in the group of patients with the antioxidant treatment after 60 days could be related to the significant decrease of FT 4 and FT 3 serum concentrations compared to the control group. Further targeted investigations are needed in order to clarify the nature of this specific change.
